during the action of the muscle causing the movement, until the latter suddenly ceases to contract, and a contraction of its antagonist takes its place, to cease in its turn. What can we discern or conceive to be the origin of this alternation ?
Can we perceive any analogous process elsewhere ? The force exerted by the ocular muscles is minute in comparison with that of the muscles of the limbs, subserved by the centres of the spinal cord, -but the central control of all voluntary muscular action must be essentially the same.
The facts observed by Sherrington' regarding the automatic action of the spinal centres seem to be of great importance in their bearing on the problem of nystagmus. He deprived the lower spinal centres of the influence of the will by dividing the spinal cord in the cervical region. The animal thus treated he termed " spinal," because the muscles of the hind limbs are then only under the control of the centres of the spinal cord. He found that a remarkable condition was set up, in which a set of muscles and their antagonists passed into alternate automatic action. If, for instance,, the extensors of a joint were excited to contraction so as to cause movement, when this had reached a considerable degree, they suddenly ceased to contract, and their opponents, the flexor muscles, contracted instead, presently to cease, and the extensors again came into action, and so the alternation went on. He has shown that the sudden relaxation of the muscles first contracting is due to an inhibition of their spinal centre, produced by an afferent impulse from their antagonists. He ascertained this by dividing the nerve of the antagonists and stimulating the central end. The effect was instantly to inhibit the contraction of the acting muscles. Since the nerve divided was solely muscular, although it contained afferent as well as motor fibres, he concludes that the inhibiting impulse must originate in the opposing muscles through their extension, and that the effect is produced by the tension acting on the muscle-spindles. This process he terms a muscle-reflex action, applying to their reciprocal influence the term I introduced in connection with the knee-jerk. For this, its use in connection with one muscle, the term idio-musclereflex may be employed. It is possible, indeed, that the secondary contraction of the extended muscle may be of this idio-reflex nature. But the important fact is that the spinal centres contain a mechanism by which, if unrestrained, they automatically develop an alternate contraction of opposing muscles.
In passing, I may remark that these facts remind us of some of the features manifested by over-action of the lumbar muscle-reflex processes when lateral sclerosis lessens the volitional influence. I recall a case of hemiplegia in which the weak and spastic leg presented a close reproduction of the alternation obtained by Sherrington. When the patellar tendon was tapped in the customary posture, there was a considerable, but rather slow, movement upwards of the leg, followed by a slow descent, and this by another rise. The succession went on automatically about half a dozen times, the frequency being 40 or 50 a minute. This must have been due to the mechanism Sherrington has described.
The alternate contractions which were obtained by Sherrington seem to be essentially the same as those presented in well-marked nystagmus. To take the example just mentioned: the motions of the outward-moving eye in the horizontal form. The external rectus moves the eye to the right, and just before it reaches its full degree of contraction, it suddenly ceases to contract, and at the same moment its opponent, the internal rectus, contracts, and brings the eye back, a little more slowly. But just before it reaches the mid-position this muscle in turn ceases to contract and the external rectus resumes its action, and so on, in continued automatic alternation. So precise is the resemblance to the reciprocal muscle-reflex action in the unvolitional spinal cord that we are compelled to ask, Are they not the same in nature ? Is not nystagmus a reciprocal muscle-reflex alternation between the antagonistic ocular muscles ? The answer must, I think, be in the affirmative, in spite of some difficulties to be considered.
One, which is apparent rather than real, is the supposed absence of neural spindles in the ocular muscles. But Farquhar Buzzard has described structures resembling them in these muscles. Their tendons contain similar organs, and the fact that a small twig from every nerve of an ocular muscle passes to the fifth nerve, which can only conduct upwards, has long made it certain that afferent impulses arise in the muscles. They no doubt pass to the highest cells of the fifth nucleus, which are in the neighbourhood of the motor nuclei.
There remaiims another difficulty, not to be escaped in so direct a manner. The arrangement in the centres of the spinal cord for the automatic alternation becomes effective when there is loss of the controlling influence of the will. But this does not seem to be the cause of nystagmus. It does not result from disease of the cerebral hemispheres above the central ganglia, and of these, perhaps, only when the optic thalamus is affected. The lesions that give rise to nystagmus are situated in or near the mid-brain and pons and in the cerebellum. They are so placed as to be capable of affecting the various influences that act on the reflex centre for the eyeballs, and justify the assumption that its insubordinate activity is due to a primary disturbance of its balance.
The existence of such a centre in the mid-brain, including the pons in the term, has been long assumed. The reflex and coordinating centres in the spinal cord must be represented, in the case of the ocular muscles, by central structures near their nuclei, through which the volitional impulse acts. The bilateral association of the eye movenments must be arranged in it, and so must the reflex action of the ocular muscles, of which there is abundant other evidence. Yet doubt has lately been expressed regarding the need for the assumption of such a centre, apart from the nuclei themselves. Perhaps the difference of opinion may be due to the conceptions attached to the-words. If we mean by "nucleus" only the cells from which the fibres arise, we cannot understand the facts without assuming higher coordinating structures. On the other hand, the word " centre," in a physiological sense, only implies structures which act together for a certain function, and does not imply their position in a circumscribed situation. Nerve elements may act together when they are not in close proximity. Kornikow designates the assumed centre " supranuclear," but this term has been used in a wider sense, and somewhat begs the question at issue. " Mid-brain ocular centre " seems less open to objection.
The centre for combining the vertical movements of the eyeballs has been supposed to lie beneath the anterior quadrigeminal bodies, but some doubt still exists. That for lateral movements seems to be still uncertain. We cannot doubt that the posterior longitudinal fibres connect its elements. Moreover, the crossing of the fourth nerves and the belief that many of the fibres of the third nerve arise from the cells of the opposite nucleus increases the difficulty of discerning the position of the structures that subserve combination and reflex action. Those that are related to the various movements must be in the most intimate functional combination. But the precise localization of the structures is outside my present subject.
We may assume that the centre which combines and coordinates the actions of the mnuscles of the two eyes also subserves the muscle-reflex action; the influence on it of light is an interesting point. The reflex action of light is probably double; there is a light reflex, subserved chiefly by the mid-brain, and a visual reflex acting through the hemisphere, though these may not be separable. The former only concerns us now, and of course only in relation to the external muscles. It is little conspicuous in adult life, but long ago (in the second volume of Brain) I described a case in which it seemed revealed by disease. The patient was in the ultimate stage of amyotrophic lateral sclerosis, with universal rigidity. Durijug the last week of his life a peculiar ocular system existed. If the patient was looking at an object on one side, and was told to look at another object on the other side, say 45 degrees away, the head was instantly turned so as to face in the new direction, but the eyes remained fixed on the first object, and were only slowly moved in the fresh direction. -The persistence seemed due to a reflex mechanism, which kept the eyes apparently still, but really caused them to move in the head as far as the head was turned, but in the opposite direction.
The most significant fact of the influence of light on the musclereflex centre is the origin of infantile nystagLmus. This is an alternate contraction of the opposing muscles, slow and equal. It develops during the first month of life, when the child is acquiring the power to fix and follow a light. Its common cause seems to be an abnormal amount of the light that enters the eye. The nystagmus is apt to develop if any affection lessens the amount of light received, as in ophthalmia, and also if this is excessive, as in albinoes, in whom there is not the normal pigment to absorb it. The fact that this abnormal proportion of light prevents the development of synchronous action, and allows the alternation, is a fact of much significance. It shows that light also acts on the reflex centre which governs the muscles. Moreover, the fact that the alternation may develop from the mere disproportion of what we may conceive as the steadying influence of light shows that the structural arrangement of the centre must be such as to dispose to this alternation, and that the tendency to it is normally prevented by a control that readily becomes imperfect. We can conceive that a function may readily become deranged during the process of development. We have almost no indication of the influence of light on nystagmus in later life, unless miners' nystagmus shows its cooperative influence. There is a general agreement that the occurrence of this form is facilitated by dim lighting of the mine. It may also be concerned in the occasional cessation of nystagmus when one eye is closed; but the precise significance of this is uncertain.
Frequent as is acquired nystagmus in disease, we have little precise knowledge of the way its causes act. We only know that they are situated in or near the region in which we m-ust look for the structures that subserve the binocular comnbination and the muscle-reflex action, or in such as directly act on them. The action of the centre must be determnined by the influences that control equilibriunm, and the movenments of the head, and those that receive auditory impressions, as well as those of vision, as distinguished fromnmere light. But the lesions that most comnmonly give rise to nystagmus are rarely available as strict evidence of its causation. Disseminated sclerosis is alimost always imultiple, and we cannot say to which lesion a given effect is due, while a tum-our, on account of the pressure it exerts, never affords a clear indication. An islet of softening, due to arterial closure, affords the least dubious evidence, but when this is found after death it is very rarely that the features of the nystagmus have been precisely and fully noted during life. Our present knowledge, if indefinite, suggests that the autom-latic action of the reflex centre becomes dominant with extreme readiness; the grasp of the centre by the volitional impulse, which secures the synchronous action of the antagonists, is of slender energy and unable to overcome any tendency to insubordination.
A deficiency or excess of the many influences acting on the centre disturbs its stability, at least in part, and allows the muscle-reflex alternation to assert itself. Some of these influences are worth considering, because their action can only be by such derangemiient, and they seem to show that, in the case of the ocular muscles, a disturbance of equilibrium may produce a derangement which, in the spinal centres, needs the arrest of the volitional impulse. The same lesson is taught by the features of nystaginlus itself.
An area of necrotic softening on one side of the pons, which has destroyed the posterior longitudinal fibres but not the sixth nucleus, not only abolishes the miovement of the eyes towards the side of the lesion, but causes wide nystagmus when they are moved towards the other side. This fact is relevant only as an instance of loss of balance in the centre.
The nystagmus produced from the labyrinth, which has been inaccurately termed " vestibular," is certainly due to deranged imupressions from the semicircular canals. "Labyrinthine " would be a more accurate designation. It occurs on rotation of the body, accompanying for a few moments the intense sense of vertigo produced, which is absent if the canals on each side have been previously destroyed by operation.
It occurs also when the tympanic membrane and ossicles have been removed, if the pressure of air in the middle ear, and therefore also in the internal ear, is increased or lessened. It is also caused by probing the canals, and by syringing the ear with hot or cold water, a form that has been termed "thermic." These labyrinthine causes are doubtless related to the connection of the ocular movements with the position and motion of the head, and they are instructive in regard to the readiness with which nystagmus is produced through the cerebellum. The acute disturbance of the ocular centre seems to allow the muscle-reflex action to become insubordinate for a few moments.
A quicker motion in the direction of volition is an almost constant feature of acquired nystagmus, and its direction is used as a designation. It is noteworthy that it is present even in labyrinthine nystagmuswhen the pressure in the ear is increased, the quicker movement is from that side; when diminished, towards it. But the most important fact regarding this quicker movement, and indeed regarding nystagmus in general, is this-a horizontal nystagmus may dominate almost all movements. For example, a young man, probably suffering from disseminated sclerosis, presented such nvstagmus, with the quicker motion to the right. It occurred not only on movement to the right, but also in the mid-position, and it persisted when the eyes were moved towards the left until each was half way to the left canthus. On further movement to the left, beyond this point, quicker motion to the left replaced that to the right. Thus during half the movement to the left, the quicker motion was in the opposite direction to that in which the will was acting. The right horizontal nystagmus persisted during both the upward and downward movements, at right angles to the direction of the will. [A similar case was described by Mr. Jessop some years ago to the Ophthalmological Society.'] There was no defect of movement in any direction, only the slight semblance of deficiency that is due to the inhibitory arrest occurring just before the movement reaches its full degree. The nystagmus was of long duration, and had slowly attained this dominance of the right horizontal form.
Such dominance of one muscle-reflex action is seen less frequently in other directions. In a girl with insular sclerosis, nystagmus was energetic on looking down, and it persisted in the mid-position, though the eyes presented little unsteadiness on looking up. There was also conspicuous lateral nystagmus in horizontal movements, but this motion evoked the activity of the downward oscillation so that the lateral nystagmus was not horizontal but oblique, the quicker movement being a slant to right or left and downwards.
These facts show clearly that nystagmus depends on disorder of the mid-brain centre, and that although at first it may occur only when the voluntary impulse energizes the centre, the reciprocal action that is most disturbed may develop an independence of the will and even opposition to it, so far as the direction of the quicker movement is concerned. This enables us to understand that the insubordination of the centre may arise without defect of volition and by mere disturbance of equilibrium. Complete paralysis of a nerve is not attended by nystagmus, and that which may be observed occasionally in a partially paralysed muscle may be explained in the same way, by the defect in the influence on the centre from the muscle.
The extreme degree it may attain also enables us better to understand that nystagmus may also present slight and partial forms. The condition of the centre may be such as to subserve the combinations of muscles concerned in many of the movements, and their varying derangement may explain the peculiar character of some of the alternate actions met with. In the slanting movements of the eyeballs, between the horizontal and the vertical, the nystagmus may be sometimes in the direction of movement and sometimes in that of one of the constituent muscles which produce the movement. For instance, in one oblique movement the nystagmus may be vertical, in another horizontal, and this in the same patient, the two eyes moving alike. This shows that the muscles as well as the movement must be represented in the centre deranged. In the same way we can understand the occasional rotatory nystagmus, from the oblique muscles, which is almost always slight in degree, and more often unilateral than any other form. It is most considerable in the peculiar miners' variety. All these forms and others that I have not mentioned seem to me to present nothing inconsistent with the hypothesis that the alternation depends on a muscle-reflex action in consequence of insubordination of part of the reflex centre, due to a limited derangement of the influences which should keep its elements duly balanced. In slight degrees of disturbance, excitation by the will is necessary to evoke the muscle-reflex alternation, but when this has been long active the alternate action occurs also when the eyeballs should be at rest in the mid-position.
The considerations I have brought before you will, I hope, at leagt serve to stimulate observation and make it more precise and sustained. We need to know more of the course of nystagmus and of the mode of its increase, whether by general extension or by dominance in one direction. Pathological observations of its cause can only be fully instructive in conjunction with those of its precise character during life. Many features I have left unmentioned, and if I have not referred to the work of others it is because, in the multifarious writings on the subject, I have failed to find anything that bears directly on the hypothesis I have put before you. I must, however, mention the views of Willbrand, which, though published nearly thirty years ago' (in 1879), are still regarded as the best explanation of the mechanism of nystagmus. He ascribes it to disorder of the centre for common reflex action of the eyeballs or of the volitional impulse, so as to produce a want of harmony between the two. In connection with Sherrington's researches, it is curious to find in a paper of my own, published in the same year,2 but not on nystagmus, a sentence on the part played in the spinal mechanism " by the reflex relation between muscular tension and muscular contraction."
Other difficulties in the way of this explanation of the mechanism of nystagmus will doubtless present themselves to many of you, but I think that observation and reflection may lessen the hindrance they at first seem to present.
DISCUSSION.
Dr. FERRIER said all would agree that the contribution was a very important one on the pathology of a symptom with which everyone present was familiar, but in regard to the causation of which we-speaking for himself, at least-were much in the dark. The subject appealed both to the oculist and the neurologist, though there were probably many present who had followed the paper attentively, but found it difficult to properly apprehend all the points at first hearing. Oculists would be specially interested in the question of nystagmus in relation to errors of refraction. He himself would like to hear more as to the causation of miners' nystagmus, which he had lately been studying. He did not -know whether Sir William agreed with Nieden, one of the most recent writers, that it was due to the constrained position occupied by miners in digging holes in the coal, during which the eyes were directed upwards and in an intermediate direction, and that the nystagmus resulted merely from the muscular fatigue so induced. According to this view, nystagmus was mere tremor of the ocular muscles, similar to senile tremor or tremor of impaired innervation, and probably of the same kind as that seen in disseminated sclerosis.
Dr. F. E. BATTEN desired to offer some remarks on two points. The first was the importance which Sir William attached to the presence of the musclespindles in the eye. Their presence in the eye muscles was still a doubtful point, but it was well known that there were the ordinary sense organs in the tendons of the ocular muscles, and even if the muscle-spindles were not present he imagined these end organs would serve exactly the same purpose as the muscle-spindles. The author had also referred to the nystagmus which occurred in spasmus nutans. If that nystagmus was due to the fact that children were more than usually sensitive to a bright light, surely the movement ought to cease on the closure of the eyes. But it was curious that those children continued their movements apart from the fixation, and the nystagmus often appeared only after fixing the head. In them the nodding movements of the head took place, and while that movement occurred there was no nystagmus, but on fixing the head nystagmus appeared. It was true that, in some cases, the nystagmus was present at the same time as the nodding movement, but the view that this nystagmus was due to unusual sensitiveness to light was one which he always rather doubted. He had no explanation to offer of the condition in place of the view he had criticized.
Mr. ERNEST WEST said that, to the aural surgeon, nystagmus was a subject of daily interest and importance, and one saw many cases at hospital due to iiDfections of the labyrinth. A few manifested spontaneous nystagmus; in others, abnormalities of the ordinary reflex nystagmus could be elicited. If a normal 'individual were twisted axially to one or other side, on suspension of the rotation nystagmus was evoked on deviating the eyes against the direction of rotation. If rotated to the right and stopped, on deviating the eyes to the left he got a nystagmus, with major movements to the left, and it was abolished by looking to the right. In a diseased labyrinth, that normal occurrence was interfered with. If the labyrinth were surgically removed or its function destroyed, there was complete absence of response. There was another interesting quasi-physiological phenomenon. If a patient had intense vertigo of labyrinthine origin, without definite gross disease of labyrinth, and the labyrinth was destroyed surgically, the vertigo would cease. But, while he might have had no spontaneous nystagmus before the operation, he would for a time have violent spontaneous nystagmus afterwards, which would gradually die away. He thought that was due, not to a stimulus from the operated labyrinth, but from an unbalanced stimulus from the sound labyrinth which did not come into consciousness as vertigo. In labyrinthine nystagmus the movement of the eyes was exactly the same as would be caused supposing that objects outside the patient were actually rotated in the direction in which he thought they moved when his labyrinth was stimulated in that way. It was like the movements of the eyes of people in a moving railway train watching telegraph poles-a snatching movement. It seemed to him (Mr. West) that this nystagmus was in some sense a direct reflex from the labyrinth rather than an upsetting of a regulating mechanism which was normally present, and which might be upset from other causes. He had hoped to have his ideas clarified on the matter, but he did not seem to have been carried much further. Perhaps other speakers might be able to help in the solution.
Dr. CHARLES MERCIER said it had not been his intention to intervene in the discussion. It was thirty years since he had any speculations on the matter, but the Chairman's remarks induced him to ask Sir William to give a clear notion of the relation between nystagmus and tremor. Was nystagmus a tremor ? He (Dr. Mercier) regarded tremor as a to and fro movement, equal in excursion and duration. But nystagmus was not a tremor in that sense, as Sir William had pointed out; it was a quick movement in one direction and a slower return. If nystagmus were called a tremor, it would be confounding two things under one name. He thought tremor could be readily accounted for without the aid of any such reflex mechanism as the author suggested, and he was not sure that nystagmus could not be accounted for in the same way. He thought tremor must be due to the lengthening out of the intervals between the successive neural shocks which produced the continuous contraction, and that, he believed, was the acc-epted doctrine. He believed it was conceivable that if that slowness or retardation of the rate at which the separate shocks went down the nerve to produce the continuous contraction were to act not upon a harmonized antagonism of muscles, as Duchenne called it, but upon a single muscle of an antagonized system, then the phenomenon of nystagmus would be produced; whereas if that particular retardation were affecting both nerves going to antagonized sets of muscles there would be produced ordinary tremor. He thought tremor was due to longer wave lengths in the descending current of energy to the muscle, and that there was no need to invoke the aid of any such reflex mechanism as Sir William Gowers suggested.
Mr. BELLAMY GARDNER said he was much interested in the paper because for the last twelve or fourteen years he had been observing the form of nystagmus caused artificially during the administration of nitrous oxide and oxygen to dental patients. It was an invariable clinical sign that a vertical form of nystagmus took place after the patient had lost consciousness, quicker in upward movement, gradually subsiding into rest, with the eyes looking downwards, in a convergent position. So far as he could discover it was independent of the action of light in any way, for it took place with the eyes closed, and was not affected by opening them. Its appearance was so constant that he had no doubt that by varying the depth of anaesthesia after it had been once abolished it could be re-established if needed for experimental purposes. In rare instances he had seen a horizontal nystagmus occur with the eyes deviated to the left, but never to the right. When deviating to the left as a rule the eyes would be looking towards the administrator, whose voice was very likely the last thing heard by the patient. In that case the quicker movements of the nystagmus were towards the mid-line. The explanation given by Sir William Gowers as to the withdrawal of the will power and the alternating action of opposing muscles was sufficient to account for the phenomena in these cases.
Mr. SYDNEY SCOTT said the paper interested him by reason. of the practical knowledge of the mechanism of nystagmus in otology. Recently at St. Bartholomew's Hospital they had investigated the nystagmus reflex by the application of heat and cold in middle ear disease where the labyrinth was sLuspected of being involved. After syringing the ear with water at progressively increasing temperatures of 10°F., 1150 F., and 118 F., nystagmus of a definite type was produced. It slowly increased in intensity and was accompanied by marked vertigo. The direction of the major movement was towards the stimulated side. On deviation to the opposite side the nystagmus diminished or disappeared, and so did the vertigo. By lowering the temperature of the labyrinth gradually with water at 80 F., 70 F., and 655 F., the nystagmus produced was with major movement to the opposite side. These observations had already been made by Barany in Vienna. Thirty cases which they had observed confirmed his (BarAny's) observations on thermal nystagmus, the reflex failing in cases in which the labyrinth was functionless. To illustrate the value of recognizing the significance of nystagmus he quoted the case of a boy with chronic middle ear disease who, thirty-six hours previously, was in good general health. For twenty-four hours he had severe pain in the right ear and was, at the time of examination, in a state of collapse wvith violent nystagmus towards the opposite side. It Nas this type of nystagmus which determined an immediate operation for acute labyrinthitis. In another case of acute unilateral labyrinthitis, recently seen, there was unconsciousness, but no nystagmus could be observed on deviation. He asked whether the state of consciousness played an essential part in the mechanism of nystagmus. With regard to ocular tremor, he and his colleague had tried the effect of stimulation by rotation, and found that the normilal reflex with typical secondary nystagmus reactions replaced the fine tremor. Such elicited nystagmus lasted a few moments; afterwards the fine treinor returned.
Dr. HENRY HEAD informed the meeting that the complete account of Barany's observations, which had been referred to, appeared in Brainl for 1906, p. 383.
Sir NWILLIAM GOWERS, in reply, said there was very little wlhich the discussion rendered it necessary for hiim to refer to. He much regretted that he had no criticisms from the Chairman to answer. He thought he had made the point clear that the absence of muscle-spindles was only an apparent difficulty, since the presence of a branch from each muscle nerve to the fifth nerve showed that afferent impulses must be produced from the muscles, and, of course, structures in the tendons might take part in their production, even if they were not produced within the muscles by some other mechanism or by nerve endings which had not yet been precisely recognized. The question of the relation of infantile nystagmus to nodding spasm was a very difficult one, and he had purposely avoided mentioning it. He did not think the form mentioned wvas quite the common one, but wlhy nystagmus should be associated with what seemed similar in a wide group of muscles was a difficult problem. It might be, even if the hypothesis he made witlh regard to the causation of the infantile form was correct, that this was not the only cause. The observations on rotation showed notlhing incompatible with the hypothesis, and it was an illustration of those apparent difficulties to which he alluded, and which would probably become less the more the subject was thought over. With regard to the vast subject of tremors and their relation to nystagmus, Dr. Mercier had invited a discussion which he (the speaker). confessed he shrank from at that hour of the night; he would much rather see the subject dealt with on another occasion by Dr. Mercier himself. The observations on anesthetics were instructive; they were no doubt due to a differing susceptibility to the influence of the poison, putting first out of action some structures that act on the assumed muscle-reflex centre. Nystagmus which occurred only on voluntary movement was not present when a patient was unconscious, and he thought that, in general, nystagmus ceased when consciousness disappeared. A Note on the Occurrence of Muscle-Spindles in Ocular Muscles.
By E. FARQUHAR BUZZARD, M.D.
You do not need to be remninded that, although spindles are found in the majority of skeletal muscles, from reptiles upwards, a statement is usually made to the effect that they are absent from the extrinsic muscles of the eyeball. This statement has not only been generally accepted, but it has also occasioned some surprise in view of the high degree of coordination to which ocular movements attain, and of the important sensory function with which these spindles are credited. So far as I have been able to ascertain Siemerling is the only observer who has described a spindle in an ocular muscle, an atrophied inferior rectus.
The fact that I am raising this question to-night for reconsideration is due more to accident than to design, as will shortly be explained, and I must plead guilty, before conviction, of bringing forward my work on the subject in a very incomplete condition. While examining a number of ocular muscles-in the course of an investigation into cases of myasthenia gravis, my attention was attracted to the occasional occurrence of structures resembling the spindles frequently seen in other parts of the body. I have recently been through my sections again, with additions to their number, and the results of this search are, if not conclusive, sufficiently interesting to stimulate further efforts in the same
